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1 Title of Invention 

PHOTORESISTS FOR IMAGING WTIH HIGH ENERGY RADIATION 

-24- 

2 Claims 

1 . A method for forming a photoresist relief image on a substrate 
comprising: 

(a) applying a coating layer of a cbermcally-amplified positive photoresist 
composition oo a substrate, the photoresist composition comprising a resin and one or 
more photo acid generator compounds, wherein the one or more photoacid generator 
compounds arc present in a concentration of at least about 5 weight percent based an 
weight o f total solids of the photoresist composition; 

(b) exposing the photoresist coating layer to radiation having a wavelength 
of less than about 160 nm, or electron beam or ion beam radiation. 

2. A method for forming a photoresist relief image on a substrate 
comprising: • 

(a) applying a coating layer of a chemically-amplified positive photoresist 
composition on a substrate, the photoresist composition comprising a phenolic resin 
and one or more photoacid generator compounds, the resin comprising at least three 
distinct repeat units; 

(b) exposing the photoresist coating layer to radiation having a wavelength 
of less than about 1 60 ran, or electron beam or ion beam radiation. 

3 . The method of claim 2 wherein the one or' more photoacid generator 
compounds axe present in a concentration of at least about 5 weight percent based on 
weight of total solids of the photoresist composition 

4. The method of any one of claims I through 3 wherein the photoresist 
coating layer is exposed to EUV radiation. 

5. The method of any one of claims 1 through 3 wherein the photoresist 
coating layer is exposed to electron beam or ion beam radiation. 
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6. The method of any one of claims 1 through 3 wherein the photoresist 
coating layer is exposed to x-ray radiation. 

7. The method of any one of claims 1 through 6 wherein the one or more 
photo acid generator compounds are present in a concentration of at least about 6 
weight percent based on weight of total solids of the photoresist composition* 

8. The method of any one of claims t through 6 wherein the one or mora 
photo acid generator compounds axe present in a concentration of at least about 8, 9 or 
10 weight percent based on weight of total solids of the photoresist composition. 

9 . The method of any one of claims I through 8 wherein the one or more 
photoacid generator compounds are present in a concentration up to about 12 weight 
percent based on weight of total solids of the photoresist composition. 

1 0. The method of any one claims 1 through 6 wherein the one or more 
photoacid generator compounds are present in a concentration of from about 10 to 
about 15 weight percent of total solids of the photoresist composition. 

1 1 . The method of any one of claims 1 through 1 0 wherein the one or 
more photoacid generator compounds are ionic compounds. 

\ 2. The method of any one of claims 1 through 10 wherein the one or 
more photoacid generator compounds are non-ionic compounds. 

13. The method of any one of claims 1 through 10 wherein the one or more 
photoacid generator compounds are onium compounds, irnidosulfonate compounds, 
N-suIfonyloxyiinide compounds, sulfonate ester compounds, nitrobenzyl compounds, 
disulfone compounds, and/or halogenated non-ionic compounds, or mixtures thereof. 
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14. The method of any one of claims 1 through 10 wherein the one or 
more photoacid generator compounds produce a halo-aflcyi sulfonic acid upon 
exposure to activating radiation. 

15. The method of any one of claims 1 through 10 wherein the one or more 
photoacid generator compounds produce a pcr-uuoro sulfonic add upon exnosure to 
activating radiation. 

16. The method of any one of claims I through 15 wherein the resin 
comprises a polymer that contains phenolic units. 

17. The method of any one of claims 1 through 15 wherein the resin 
comprises a polymer that contains phenolic and photoacid-labilo aikyl acrylate units, 

18. The method of any one of claims 1 through 15 wherein the resin 
comprises a polymer that contains 1) phenolic units, 2) phenyl units, and 3) 
photoacid-labile aflcyl acrylate units. 

19. The method of any one of claims 1 through IS whereto the resin 
comprises a polymer that contains acctal, kctat or ortho ester groups. 

20. A chernically-ampllficd positive photoresist composition comprising a 
resin and one or more photoacid generator compounds, wherein the one or more 
photoacid generator compounds are present in a concentration of at least about or 
greater than 5 weight percent based on weight of total solids of the photoresist 
composition, and the photoresist imageable with radiation having a wavelength of less 
than 100 nm, or electron beam or ion beam radiation. 
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21. A chemically-amplified positive photoresist composition on a 
substrate, the photoresist composition comprising a phenolic resin and one or more 
photoacid generator compounds, the resin comprising at least three distinct repeat 
units, the photoresist coating layer exhibiting, upon exposure to radiation having a 
wavelength of less than about 160 ntn, or electron beam or ion beam radiation, 
enhanced photoacid generation efficiency as determined by Dill ^Parameter method 
to polymer containing solely phenolic and acrylate repeat units. 

22, The photoresist of claim 2 1 wherein the oao or more photoacid 
generator compounds are present in a concentration of at least about 5 weight percent 

23- The photoresist of claims 20 or 21 wherein the one or more photoacid 
generator compounds are present In a concentration of at least about 8 weight percent 
based on weight of total solids of the photoresist composition. 

24. The photoresist of claims 20 or 21 wherein the one or more photoacid 
generator compounds are present in a concentration of at least about 10 percent based 
on weight of total solids of the photoresist composition. 

25. The photoresist of claims 20 or 21 wherein the one or more photoacid 
generator compounds arc present in a concentration of no more than about 12 percent 
based on weight of total solids of the photoresist composition. 

26. The photoresist of claims 20 or 21 wherein the one or more photoacid 
generator compounds are present in a concentration of from about 10 to about 15 
weight percent of total solids of the photoresist composition. 

27. The photoresist of any one of claims 20 through 26 wherein the one or 
more photoacid generator compounds are ionic compounds. 

28. The photoresist of any one of claims 20 through 27 wherein the one or 
more photoacid generator compounds are non-ionic compounds. 
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29. The photoresist of any one of claims 20 through 26 wherein the one or 
more photo acid generator compounds are onium compounds, imidosulfbnale 
compounds, N-sulfonyloxyimidc compounds, sulfonate ester compounds, nitrobenzyl 
compounds, disulfone compounds, and/or halo genated non-ionic compounds, or 
mixtures thereof! 

30. The photoresist of any one of claims 20 through 29 wherein the one or 
more photoacid generator compounds produce a halo-alky 1 sulfonic acid upon 
exposure to activating radiation. 

3 1 . The photoresist of any one of claims 20 through 29 wherein the one or 
more photoacid generator compounds produce a per-fiuoro sulfonic acid upon 
exposure to activating radiation. 

32. The photoresist of any one of claims 20 through 3 1 wherein the resin 
comprises a polymer that contains phenolic units. 

33 . The photoresist of any one of claims 20 through 3 1 wherein the resin 
comprises a polymer that contains phenolic and photoacid-labile alkyl acrylato units, 

34. The photoresist of any one o f claims 20 through 3 1 wherein the resin 
comprises a polymer that contains 1) phenolic units, 2) phenyl units, and 3) 
photoacid-labile alkyl acrylate units. 

3 5 . The photoresist o r any one of claims 20 through 34 wherein the resin 
comprises a polymer thai contains acetal, ketal orortho ester groups. 

36. A negative photoresist composition comprising a resin and one or more 
photoacid generator compounds, wherein the one or more pbotoacid generator 
compounds are present in a concentration of at least about 5 weight percent based on 
weight of total solids of the photoresist composition, and the photoresist is imageable 
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with radiation having a wavelength of less than about 160 ran, or election beam or ton 
beam radiation. 

37. The photoresist of claim 36 wherein the one or more photoacid 
generator compounds are present in a concentration of at least about 6. 7, 8, 9, 10, 11 
or 12 weight percent based on weight of total solids of the photoresist composition. 

38. An article of manufacture comprising as substrate having coated 
thereon aphotoresist composition of any one of claims 20 through 37. 

39. The article of claim 38 wherein tho substrate is a microelectronic wafer 
substrate. 

4a The article of claim 38 or 39 wherein the photoresist coating has been 
imaged with radiation having a wavelength of less thm .born 160 nm, or electron 
beam or ion beam radiation. 
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3 Detailed Description of Invention 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

This invention relates to photoresists useful for imaging with high energy 
radiation sources, such as EUV, electron beam, ion beam and x-ray radiation. Resists 
of the invention can exhibit enhanced sensitivity and resolution upon such hi#i 
energy imaging. Preferred resists of the invention can be characterized in part as 
having a high concentration of photoacid generator compound<9) relative to other 
resist components. 

2. Background 

Photoresists are photosensitive films for transfer of images to a substrate. 
They form negative or positive images. After coating a photoresist on a substrate, the 
coating is exposed through a patterned photomask to a source of activating energy 
such as ultraviolet light to form a latent image in the photoresist coating. The 
photomask has areas opaque and transparent to activating radiation that define an 
hnage desired to be transferred to the underlying substrate. A relief image is provided 
by development of the latent image patteni in the resist coating. The use of 
photoresists is generally described, for example, by Deforest, Photoresist Materials 
and Processes, McGraw Hill Book Company, New York (1975), and by Moreau, 
Semiconductor Lithography, Principals, Practices and Materials, Plenum Press, New 
York(19BS). 

Known photoresists can provide features having resolution and sire sufficient 
for many existing commercial applications. However for many other applications, 
the need exists for new photoresists that can provide highly resolved images of 
submicron dimension. The electronics industry constantly demands means to 



(21) 



33132002-55457 



-2- 

produce ever-smaller dimension circuit pattern, e.g. to provide greater circuit 
density and enhanced device performance. 

Consequently, interest has increased In photoresists that can be photoimaged 
with increasingly shorter wavelength radiation. For example, exposure with 193 
urn (provided by an ArF exposure tool) can provide significantly ffihance d 
resolution of small features, such as resist lines and spaces having a width of about 
0.2 microns or less. 

Even shorter wavelength (higher energy) radiation offers the potential for 
forming even smaller, resolved resist images. For instance, exposure with ETJV 
(extreme ultraviolet), electron beam, ion beam and X-ray radiation offers the 
potential for forming extremely small, highly resolved resists images, which in turn 
can enable manufacture of microelectronic devices of higher circuit density and 
enhanced performance. 

However, current resist compositions are typically not well-suited for such 
high energy exposure, i.e. those current resist materials do not provide acceptable 
liihographic performance upon exposure to high energy sources of EUV, electron 
beam, ion beam or X-ray. 

It thus would be desirable to have photoresist compositions that could provide 
well resolved, small dimensions features. It would bo particularly desirable to have 
photoresist compositions that could be effectively imaged with high energy radiation 
sources such as EUV f electron beam, ion beam and x-ray. 

SUMMARY OF THE INVENTION 

We have now discovered new photoresist compositions that can be effectively 
imaged with high energy radiation, including EUV, electron beam and/or X-ray. 
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In a first aspect of the invention, photoresists of the invention can be 
characterized in part as having a high concentration of one or more photo acid 
generator compounds relative to the concentration of all other solid (Le. all 
components except solvent carrier) components of the resist 

We surprisingly found that use of significantly increased levels of photo acid 
generator compound(s) can provide notably enhanced resolution of a resist image 
produced by exposure to high energy radiation e.g. radiation having a wavelength of 
less than about 160 run, or more typically less than about 100 ran or radiation 
otherwise of high energy, such as EUV, electron beam, ion beam or x-ray. 

For instance, we have found that resists that have a PAG concentration of 
greater than about 5 weight percent based on weight of total solids of a resist 
composition, more preferably a PAG concentration of at least about 6, 7, 8, 9, 1 0, 1 1, 
12, 13, 14 or 1 5 weight percent based on weight of total solids of a resist composition, 
can be imaged with high radiation energy such as EUV, electron beam, ion beam or x- 
ray and produce dramatically enhanced resolved resist features, including features 
with reduced line edge roughness. Particularly preferred resists of the invention have 
a PAG concentration of from about 8 to 12 weight percent based on weight of total 
solids of the resist composition. 

At lower energy exposures such as 193 nm or 248 nm, such high PAG 
concentrations would result in excessive PAG absorption and hence would be 
unacceptable. Accordingly, use of high PAG concentrations in accordance with the 
present invention is counterintuitive to conventional practice and provides clearly 
unexpected results. 

In a further aspect of the invention, chexmcally-amphfied positive- acting 
photoresists are provided that exhibit enhanced photoacid generation efficiency upon 
high energy exposures relative to prior copolymer resists, such as a prior resist that 
contains a deblocking resin that consists of repeat units of phenolic and alkyl aery late 
units, Resins that arc preferred for imparting such enhanced photogeneration 
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efncieocy are terpotymers (U. three distinct repeat units) or other bigier order (Le. 
four or more distinct repeat units) polymers that comprise phenolic repeat units, 
preferably repeat units of the following three types: 0 phenol units, ii) phenyl unite 
that do not contain hydroxy ring substitnents, and iii) photo-acid labile units, 
particularly alkyl acrylate (which Include alkyl methacrylate) units such as t-butyl 
acryiate. 

We have unexpectedly found that resists mat contain such phenolic 
terpolymers or other hi gher order resins'can be highly sensitive (increased efficiency 
of photoacid generation) upon exposure to high energy radiation, e.g. radiation having 
a wavelength of less than about 160 una, or more typically less than about 100 tun, or 
radiation otherwise ofbigh energy, such as EUV, electron beam, ion beam or x-ray. 

The increased efficiency of photoacid generation of such resists can be 
dramatic in comparison to the photoacid generation achieved using a lower energy 
radiation source such as 248 nm imaging ramabWSuch efficiency of acid generation 
can be determined by any of a variety of methods, e.g. the Dill C-Paramcter base 
titration method, or fluorescence and absorption methods. 

As used herein, the term Dill ^Parameter rnaans a first-order rate constant 
which is a measure of the rate at which photoacid is generated in a photoresist as a 
function of exposure. The Dill C-Parameter can be deteroilncd for a particular resist 
by preparing a plurality of resists, eg. 3 to 6 resists, that are otherwise Identical but 
containOto 10 mole % base relative to PAG. Tne energy reo^iired to clear merest 
after development (Eo) then can bo dcterame4. A plot of base concentration vs. 
energy to clear (Eo) yields a straight line. The slope of that line provides me DDI C- 
Parameter in units of reciprocal exposure (e.g. crnVmJ or cmVuC). 

The invention also include resists that combine bom aspects, i.e. resists that 
contain a high relative PAG concentration and a photoacid generating efficiency- 
enhancins phenolic terpolymer polymer or other higher order polymer. Such resist 
systems have provided particularly good lithographic results upon imagewise 
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e^ure to high energy ratfanon, such as radiation having a waveiength ofless ^ 
energy, such as EXJV, electron beam, km beam or x-ray. 

Photoresists of the invention* gssral comprise a win component and one ot 
more plwmacW generator compounds ("PAGsT). 

A wide variety of photoacid generator compounds may be used ta photoresists 
of me invention, including ionic PAG compound* such as enhnn salts, pamcuUriy 
Mm end iodomum compounds, as well as non-ionic P AO compounds such as 
nnidnsulfenates. N-sulfonyloxyimides. sulfonate esters, nitrobenzyl compounds, 
dispone compounds, halogenated non-ionic compounds, and the bice, Partumleriy 
preferred P AGs used in resists of the invention generate a halo-aDqd sulfonic acid 
^ca as a h^o-C^alkylsulfonio acid upon photoactivarion. preferably a fhnro-C, 
1<dky , sulfonic acid, even more preferably a perfluoroC w< dkylsulmmc add such as 
triflic acid and the like. 

Preferred resists of the invention are channel-amplified posithre-actmg 
resists, particular* positive-acting resists which undergo a photoadd-promoted 
detection reaction of acid labile groups of one or more composition components to 

^sxposedmgionsofac^^ 

, Peter eroups that contain a tertiary non-cyclic 

tester arc gently preferred phctoacid-bbUe groups of reams employed m 
photoresists of tho invention. 

As discussed, particularly preferred positive-acting photoresists of the 
inveuaoncontamahighPAQ*^ 
contains phenolic units. 
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poritive resist particularly suitable for imaging at 248 nm. Especially preferred resins 
of this class include polymers that contain polymerized units of a vinyl phenol and an 
alkyl acrylate, where the porymerized alkyl acrylate units can undergo a deblocking 
reaction in the presence of photoacid. Exemplary alky] acrylates that can undergo a 
photo acid-induced deblocking reaction include eg, t-butyl acrylate, t-butyl 
mcmacryiate, methyladomantyl acrylate, methyl adamantyt methacrybte, and omer 
non-cyclic alkyl and alicyclic acrylatea that can undergo a photoacid-induced reaction, 
such as polymers in U.S, Patents 6,042,997 and 5,492,793, incorporated herein by 
reference 

- As discussed, especially preferred are phenolic/acrylate resins for use in resists 
of the invention are tcrpolymers or other higher order polymers that contain 
polymerized units of a vinyl phenol, an optionally substituted vinyl phenyl (e.g. 
styrene) that does not contain a hydroxy or carboxy ring substituent, and an alkyl 
acrylate such as those deblocking groups described above, Le. t-butyl acrylate, t-butyl 
methacryiate, mcthyladamantyl acrylate, methyl adamantyl methacryiate, and other 
non-cyclic alkyl and alicyclic acrylates . Such tcrpolymers have been disclosed in 
U.S. latent 6,042,997, incorporated herein by reference. 

Still further preferred resins for use in resists of the invention contain repeat 
units that comprise an acetai, kctal and/or an ortho-ester moiety that will react with 
photoacid, and preferably further comprise optionally aromatic repeat units such as 
phenyl or phenolic groups. 

Generally most preferred resins for use in positive resists of the invention arc 
terpolymers that contain: phenolic units; phenyl units (no hydroxy substituents); 
photoacid-labilc alkyl acrylate (which includes methacryiate) units, such as polymers 
provided by polymerization of vinyl phenol, styrene and an alkyl acrylate such as t- 
butyl acrylate or t-butyl memacrylaie. Preferred molar ratios of those units include 
from about 55 to about 80 mole percent of phenolic units, from about 10 to about 30 
mole percent phenyl units, and from about 10 to 40 mole percent of alkyl acrylate 
units; more preferably from about 60 to about 75 mole percent of phenolic units, from 
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aW 15 to25 mple percent ofphenyluni*. and from about 15 to 25 motepocentof 
alkyl acrylate units. 

• The invention also Inctudoa negative-acting resists, particularly negative- 
acting chemically amplified photoresist, i.e. negative-acting resist compel 
which undergo a plwtoacid^romotcd crossunkmg renedou to render exposed regums 
of a coating layer of the resist less developer soluble than unexposed regions. These 
resists also comprise a high PAG concentration as discussed abovo. 

Resists of the invention may comprise a single type of PAG compound, or a 
^ of distinctPAGs, typical* eurixturc of 2 or 3 different P AGs. morally 
a mixture that consists of a total of 2 distinct PAG*. Photore*rts that eont- such 
PAG mixtures potentially can exhibit even further enhanced lithographic 



The invention also provide methods for fbrrnlngraUef nnages of the 
paresis* of the invention, including mcmods for forming U** te~lvcd patterned 

quarter micron dimensions or less, such as **** or sub-0.1 micron dnuenstons. 

The invention further provides articles of manufacture comprising substrates 
^ as a microcode wafer or a flat panel dtaplay substrate having coated thereon 
the photon and relief image, of the invention. Other aspects of the invention are 
disclosed infra. 

DETAILED DESCRIPTION OP THE INVENTION 

As discussed above, resists of the invention may contains a variety of types of 
PAGa. mafn*aspeo4ofthemventio* 
high concentration as disclosed herein. 
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Onrum salts are generally preferred PAGs for use in accordance with the 
invention. Examples of suitable onium salta inolude for example, haloniiim salts, 
quaternary ammonium, phosphonlum and arsonium salts, aromatic sulfonium salts 
and sulfbxonium salts or selenium salts. Onium salts have been described in the 
Utenture such as in U-S. Patents 4,442,197; 4,603,101: and 4,624,912. 

Generally preferred onium salts include iodonium salt photoacid generators, 
such as those compounds disclosed in published European application 0 708 368 Al. 
Such salts include those represented by the following formula: 



where Ar 1 and Ar 3 each wdcpendenUy represents a substituted or unsubstitoted aryl 
group. A preferred example of the aryl group includes a C<.„ monocyclic or a 
condensed ring aryl group such as phenyl or naphthyL Preferred examples of the 
substituent on the aryl group include an alley! group, a haloalkyl group, a cycloaflcy] 
group, an aryl group, an aBcoxy group, a nitro group, a carboxyl group, an 
aflcoxycarbonyl group, a hydroxy! group, mercapto group, and a halogen atom. 



Ai 



1 



2 




Such compounds can be prepared as disclosed m European Patent Application 
96118U 1 2 (pnbEcanon number 0783136), which details the synthesis of above PAG 
I. 
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Also suitable arc the above two iodonium compounds I and 2 completed with 
anions other than the above-depicto* camphoreulfomte groups. In particular, 
preferred anions include those of the formula RSCV where R is adarriantane, alkyi 
(eg. alkyl) andperfworoaBcyl such as perfluoro (C,. u alkyl), Particularly 
perfluoro counter anions of pcriluorooctane^ perfluorononanesnlfonate and 
the like. 

Sulfonium salts ere parUculariy suitable ionic photoacid gencratora far resists 
of the invention, such as compounds of the following formula: 

\ 



RSO3 0 

wherein R 1 , R'aad R J each indepewlenftf represents a substituted or 
unsubstituted alkyl group or ary! group such as phenyl. With regard to each of the 
above formula preferred examples of the substituted or unsubstituted alkyl group 
and aryl group Include a C w , aryl group. aC,., alkyl group, and substituted 
derivatives thereof Preferred examples of the sublux** on the alkyl group include a 
C v , alkoxy group, a C M alkyl group, nltro group, earboxyl group, hydro** group, and 
a halogen atom. Preferred examples of the sabstituent on the aryl group include a C M 
aDcoxy group, earboxyl group, an slkoxycarbonyl group, a C M haloalkyl group, a C» 
cydoalkyl group and a C* alkylthio group. Two ofR\R' and R s may be connected 
to each other via its single bond or a substituent. 

Additional preferred photoacid generators for use in resists of the invention 
include Imidosulfcnates such as compounds of the following formula: 
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wherein R is camphor, adairiantane. alkyl (e.g. C uit alkyl) and pcrfluoroalkyl such 
as perfh»ro(C 1 . l6 al3cyl). particularly perfluoro groups of P^uorooctancsvlfbnatc, 
pcrfiuoronoiiaiiMulfbnate and the lite. Specifically preferred PAGs include N- 
[(r^rtluorcsoctanesul^ 
[(trifluoromethylsulfon^ 

N-sulfonyloxyimide photoacid generators also are suitable for use in resist 
compositions of the invention, including those N^l&nyloxyimides disclosed in 
International application WO94/10608, such as compounds of the following formula: 

where the carton atoms form a two carbon structure having a single, double or • 
aromatic bond, or, alternatively, wherein they form a three carbon structure, that is, 
where the ring is instead a five member or six member ring; XaR is -Cft.^ where n*= 
1 to 8, -CJF^, where n*l to 8, a camphor substituent, -2(9,10^ethoxyanthracene) f - 
(CHaX-Z or -{CF^Z where n=-l to 4 and where Z is H, C ^ alkyl, a camphor 
substituent, -2<9,10-diethoxyantri3racene, or axyl such as phenyl; X and Y (1) form a 
cyclic or polycycHc ring which may contain one or more hetero atoms, or (2) form a 
fused aromatic ring, or (3) may be independently hydrogen, alkyl or aryl, or (4) may 
be attached to another Eulfonyloxyimide wntaming residue, or (5) may be attached to 
a polymer chain or backbone, or alternatively, form 



where R, is selected from the group consisting of H. acetyl, ecetamido, alkyl having t 
to 4 carbons where m = I to 3, NO, where m 3 "! to 2, F where m 1 to 5, CI where m= 
I to 2, CF, where m»l to 2, and OCH, where m = I to 2, and where m mny otherwise 
be from 1 to 5, and combinations thereof; and where X and Y (1) form a cyclic or 
polycyclic ring which may contain one or more hetero aiorns, (2) form a fused 
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aromatic ring, (3) may be mdepcndmily H, aDcyt or sryl, (4) may be attached to 
another sulfonyloxyimide containing residue ot (5) may be attached to a polymeric 
chain or backbone. 

Another class of photoacid generators suitable for use in resists of the 
invention include diazosulfonyl P AGs such as those disclosed in U.S. Patent No, 
5,558,976. Representative examples of these photoacid generators include: 



where XaR suitably is phenyl optionally substituted by halogen, C w aBcyi, 

alkoxy, or C w haloalkyl, R 7 is a straight-chain, branched or cyclic aBcyi group having 

from 1 to 10 carbon atoms and Z is a sulfbnyl group or a caxbonyl group: 



where R 22 is hydrogen, hydroxyl or a group represented by the formula XJ&Ofi- 
where X.Risas defined above, and R M is a straight ox branched aBcyi group havhu 
from I to 5 carbon atoms or a group represented by the formula; 



where R 1 * and R* are independently a hydro gen atom, a halogen atom, a straight 
chain or branched alkyl group having 1-5 carbon atoms, a straight chain or brand 
alfooxy group having 1-5 carbon atoms, or a group of the formula: 




OSOaXaR 



where R is as defined above; and 
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where each R» is independently a strict chain or branched alkyl group having 1 -4 ^ 
crton atoms, a phenyl group, a substituted phenyl g*>«P « *■* ^ R 

is a hydrogen atom, a halogen atom or a straight-chain, branched or cyclic afcyl group 
having 1-6 carbon atoms. 

Nitrobenzyl-based photoacid generators may alsobe employed as a PAO 
components of resists of the invention, including those disclosed in EPO published 
application No. EP 0 717 319 Al. Suitable mtrobenzyl-based compounds include 
those of the following formula: 




•CHj OSOj MCa 

R4 

where each R..R, andR, are individually selected fiom the group eonsistingof 
hydrogen and lower alkyl group having from 1-4 carbon atoms; and R» and R» are 
individually selected from the group consisting of CF, and NO, and RX. is optionally 
substituted carbocyclio aryU particularly optionally substituted phenyl such as phenyl 
where the 2, 3. and 4 position substituents ore selected fiomhydrogen and C w alkyl 
wh^re the S and 6 ring positions arc selected from CF,. NO, and S03R' where R' 

of optionally substituted C,. n aflcyl or aryl such as phenyl where such optional 

subsiiments maybe C M alkyl, C M B&oxy, NO, or CF,. 

Disulfone derivatives are also suitable photoacid gmerutora for use in tesiste 
of the invention. Suitable compounds are disclosed eg: in published Europe 
w ucanou070S3o8Al. Such materials may be represented by the fbllowmg 
formula: 
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Aj'-SO.-SO.-RX, 

wherein TOC, is preferably *s defined immediately above anil Ax 9 represents a 
substituted or unsubstituted aryl group. A pretaed example of the aryl group 
includes a monocyclic or condemed-ring aryl group. Preferred example* of the 
substitucnt on the aryl group include an alkyl group, ahaloalkyl group, a cycloafcyl 
group, an aryl group, an alkoxy group, nitro group, carboxyl group, an altoxyearbonyl 
group, hydroxy! group, mereapto group, and halogen. 

Halogenated non-ionic, photoadd generating compounds are also suitable fox 
use in resists of die invention and include, for example, U-bis[p-chloropheayl}-2.2,2- 
trichloroethane (DOT); l.l^slp-methoxypne^^^chloroetfume; 1A5.6A10- 
hewibrotnocyclodeoane; UO-dtbromodecane; l.l-bufe-d^phenyll-W- 
dicWoroethane; 4 l 4-dichloTO-2-(trlchloromethyD bertthydrol (Kelthane); 
bexachlorooirnethylsulfene; 2-chloro-6-(tricWoromethyI) pyridine: o,<Mfiefhyl^- 
(3^.6^cWom-2- P yridyI)pbospborouuonate ; 1^.3,^,6-bexacUoroeyelohexane; 
N(l,l-bls[p-<^ropWl]-W^-tri^orocthyi)acetamide: tris[2> 
dfl^mojmwllisocyanurate;^^ 

uitrricbloromethylls-tria^a; and their isomers, analogs, horuologs, and residual 
compounds. Suitable photoadd generator are also disclosed in Eeropean Patent 
Application Nos. 0164248 and 0232972. 

As referred to herein, the term "photoadd generator compound" is used in 
accordance with its art-recognized meaning and does not Include photoactive 
compound, or "PACs", particularly diazonaphmoqttmone compounds, as have been 
employed in "conventional- (i.e. not chemically-amplified) positive-acting resets. As 
ia recogni«d to those b the art. such "conventional" psotive photoresists do act 
involve a dehloddng reaction of a separate resin or separate dissolution inhibttor 



component to promote sotubiBty differences between exposed and non-exposed 
of the resist coating layer. 



areas 
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The photoresists of the invention typically comprise a resin component and 
one or more photoaeid generator compounds, wherein the photoacid generator 
compounds) are present in relatively high concentration. Preferably, the photoacid 
generator compounds) will be present in an amount of at least 5 weight percent based 
on total solids of a resist composition, more typically at least about 6, 7, 8, 9, 10. U. 
12, 13, 14 or 15 weight percent, based on total solids of atesist composition. Itls 
generally not necessary to employ the photoacid generator compound^) in an amount 
of greater than about IS. 16, 17, 18. 19 or 20 weight percent total solids of a resist 
composition. Particularly good lithographic results have been achieved where the 
photoacid generator compound^) are present in amount of from about 8 to about 10. 
11, 12, 13, 14 or 15 weight percent of total resist solids, or from about 11 to aboot 15 
weight percent of total resist solids. As referred to herein, the term "total solids" 
refers to all resist components except the liquid solvent carrier. 

The resin component of resists of the invention suitably has functional groups 
that impart alkaline aqueous dcvelopability to die resist composition. Fot example, 
preferred are resin binders that comprise polar functional groups such as hydroxyl or 
oarboxylate. Preferably the resin binder is used in a resist composition in an amount 
sufficient to render the resist developable with an aqueous allcaline solution. 

Phenolic-based resins are particularly suitable tor resists of the invention. 
Preferred phenolic resins are poly (vinylphenols) which may be formed by block 
polymerization, emulsion polymerization or solution polymerization of the 
corresponding monomers in the presence of a catalyst Vinylphenols useful for the 
production of polyvinyl phenol resins may be prepared, for example, by hydrolysis of 
commercially available coumarin or substituted coumarin, followed by 
decarboxylation of the resulting hydroxy cirmamic acids. Useful vinylphenols may 
also bo prepared by dehydration of the corresponding hydroxy alkyl phenols or by 
decarboxylation of hydroxy cinnamic acids resulting from the reaction of substituted 
ornoiisubstltutedhydroxybenzaldehydeswithmalonicacid. Preferred 
polyvinylphcol resins prepared from such vinylphenols have a molecular weight 
range of from about 2.000 to about 60.000 daltons. 
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AdditioriaJ suitable resins include those fanned from bishydroxymethyiated 
compounds, and block novolak resins. See U.S. Patents Nos. 5,130.410 and 
5,128,230 where such resins and use of sam* in photoresist compositions is disclosed. 
Additionally, two or more resin binders of similar or different compositions can be 
blended or combined together to give additive control of lithographic properties of a 
photoresist composition. For instance, blends of resins can be used to adjust 
photospeed and thermal properties and to control dissolution behavior of a resist in a 
developer. 

As discussed, preferred are chemically amplified positive-acting resist A 
number of such resist compositions have been described, e.g>, in U.S. Patents Nos. 
4,968,581; 4,883.740; 4,810.613 and 4,491,628 and Canadian Patent Application 
2,00 1 ,384, all of which are incorporated herein by reference for their teaching of 
m oving and using chemically amplified positive-acting resists. , 

Preferred chemically-amplified positive photoresist of the ixrvennoiis comprise 
one or more photoacid generator compound in relative high coriccntration and a resin 
binder that comprises a copolymer containing both phenolic end non-phenolic units. 
For example, one preferred group of such copolymers has acid labile groups 
substantially, essentially or completely only on non-phenolic units of tho copolymer* 
particularly alkylacryiate photoacid-labile groups, i.e. a phenolic-alkyl acrytote 
copolymer, One especially preferred copolymer binder has repeating units x and y of 
the following formula: 
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herein *e hydroxyl ^ be present * either th* met* or para positions 
generally piw»™ ^ ^ _ r n -tumivL etc Thoumts x 

distribution of about 3 or less.- 

, . fcr 4 positive chemically amplified resist 

Another preferred resmcomponent fcrap flf 

of *e invention has phenolic and nonaromaUc * W^-*- 

Vrcferred acid labile moieties are ocetate groups «m (t . 

Boo) groups of the formula (CH^O-, *nd sceul and **<£J 
J^csiuve-acting photo^ cental such a copolymer have been 
dis clo 9 edlnU.S.P.tent5WS7toSi«U«ta 
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posltiv^cting cr^icaUy-amplified photoresist of the tave^onurrve been disclosed 
in Europe Patent Application 0829766A2 of the Shipley Company <^J»* 
^ and ketal resins) and European Paten. Application EP0783U6A2 of the Shrnley 
Company (terpolymen and other copolymers including units of I) styrene; 2) 
hy^xystyreae; and 3) acid labile groups, particular* alVyt acrylate acid labile 
groups such as t-butylacrylate or t-butylmethacrytote). to general, resins hovmg a 

variety of acid labile groups will b. suitable, such as add sensitive esters, carhop. 

^.unidea.etc. ^ photoacM labOe groups wOl more typically bo pendant from a 

polymer bacibot*, although resms that have acid labile groups u.at are integral to the 

polymer backbone also may be employed. 

Suitable polymers that are substantially or completely free of aromatic groups 
stably contain acrylate units such as photoadd-labile acrylate units as may be 
provided by polymerization of memyladamanatylacrylate, 
^yladamanylmethacrylate, cthylfeocylaoylate. cmylfcr^lmethacrylate. and the 

fused non-aromatie alicychc groups such as may be provided by P*«*« 
„f a'norbomene compound or other alicyclic compound having an endocycUc ««rbon. 
carton double bond; an anhydride su* as may be provided b^^ 
maleic anhydride; and the like. 

Preferred native-acting compositions of the invention comprise a rm«ure of 
matBt ^ that vnU cure, or harden upon exposure to acid, and a pbotoactrv. 

component of the invention. 

Particularly preferred negative acting compositions comprise a resin such as a 
pbenoUo resir, a crosslink* component and one or more photoacid generator 

in a hi* concentration as disclosed herein. Such eomposidons and me 

and in U.S. Patont No. 5,128,232 to Thaclcoray ct &!. Suitable phenohc 

as tbe resin binder component include novolaks and polyXvmylphenol)s such^^ 

tocd above Suitabtc crosslink*, include amine-based materials, mcludmg 
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MttaM.****!*- « g^ly most P«fi^ Such «P«tate3 _ 
eomm«*0»y mailable, e.g. «he me U^rc^»ld by An^Cy.Wd under 
Renames Cyme! 300. 301 and 303. Oh^luril resins B»eoU by Amerm« 
Cyan-md under Ude names Cyme. 1170, 1171. 1172, ******* - *» 
^ the trade names of Beetle 60. 65 and 80. and benzoguanamine resins are sold 
under die trade names Cytnet 1123 and 1125. 

photoresists of the invention alao may other materials. Forexanmle. 
other optional additive inc.ude actimc and contrast dyes, anu-striatiou^ts 
p ^.^ enhancer, S^^^^^ 
be present in minor ^tration in a photo*** composition except for fillers ~d 
jTch n^ be present m relatively h» -nc*^ ^ -^^iT 
ifrom 5 to 30 percentby weigbtof totttt weigbtof areaisfs dry components. 

A preferred optional additive of resists of the invention is an added basA 

L-TBAH lactate or acetate, wnicb c^er^eer^ludon of a developed^ ^ 
imafie The added haae is suitably used in relatively smail amounts, abou 1 to 10 
^^t relate to^PAGcomponent, more typiudly 1 to about 5 werght 

Zfi amines such as thiamine and dopamine; arylamm^ ^has 

dipbenytamtae.^^^ 
bydroxyphcnyDpropana, etc 

^^abinder component of resists of the invention is 

rmana.ueonaallcaline.lution. More pardcularly. a rerinbmderwdl surely 
comprise 50 to about 95 weight percent oftoUl solids of thereat 
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A resist of the invention can be Stably prepared as a coating composition by 
living the components of the photoresist in a suitable solvent such as, e.g^a 
e^ol ether such as 2-methoxyethyl ether (digtymo), ethylene glycol mooon^y 
ether, propylene glycol raonomethyl ether; lactates such as ethyl lactate or rnethyl 
***** ethyl lactate being preferred; propionates, particularly methyl propionate 
ethyl propionate; a CeHosolvo ester such as methyl Cellosolve an 

.ydota--^ Typically the solids content of the pbotorcsrst varies 

Photoresists are typically apphed on a substrate as a liquid coating 
X^feruolyv^^ 

gating radianon. optionally posture baked to create or enhance so uhrhry 
Terences hereon exposed aMnon^ 

.hcn developedprcferably with an a^usal^ developer te W arclrefunag. 
«taMy can be any substrate used in processes involving photoresists such as a 

. . ^—inved The substrate also can be chrome, eg. 
or copper substrates may also be employee, inesu 



chrome on glass substrate such as may be empb 
^oftbe m v*ntmnerepa^ 

Substrates used for U,uid crystal display and other flat panel display 
^cations are also sniUbly employed. •* glass substrate, indium tm oxtde coated 
substrates and tha like. 

A Uouid coating redst composiUonrnay be ,014 b, any standardmcans 
such as srrirrning, dipping or roller coating. 



(39) 
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/wftV Ke X .raY electron beam, extreme U.V- CLe. EUV), 

i 100 am. 



than 160 m», or tes thsn abotfl 100 mn. 



gc0erat or and tetrabmyi™^ hydcoxule lactate sal 



S Wright porcmt solids- 
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The formulated resist composition is spin coated onto HMDS vapor primed 

flayer of O.lmlcronth^ ^^^'^^ 
Itomlk^earu radiation. 1^ exposed coating Uyers arepost-p^ha^ 
photomask to e-oeam ^.-^wKhoaeNa^WHM tctrabnrylannnmunin 

.» 1 1 ft"P The coated wafers are men treaiea wiw v-<.v»-. — i 

developed reHef imago was 100 nm dense lines/spaces. Those 100 ma 
^rfved and showed general absence of line edge nmghness. 

a teroolvmer that coWs of « mole percent polymerized by^xysryrene m 20 
^orofd^*^^^ 

^Uunmoniam hydroxide lactate sal, Too ph.toac^d gen.mtor was p^ 
of 8 weight percent cased on total weight of me terpolymer, photoaod 

5 weight percent solids, 

^ formulated resist composition is spin coated onto HMDS vapor primed 
r . .nftbaked via a v^uum hotplate at 90«C for 60 seconds m pnmde 
a coating layer of 0.1 micron tmckness. Theres^coanng «y 

^ layer and provide a relief image. 
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^vtfszxnawmhy^rdte lactate sah. The photoaeid generator was preaem in 
anamoumofaweightpercenlbased on total wdghtoftotepolymecvphotoaad 
generator and tetrabutylanimomumhydmxide lactate salt The resist i, formulated at 
12.5 weight percent solids. 

The formulated resist composition ia spin coated onto HMDS vapor primed 
.Picon wafinand S o«b^vi 4 »v^tolP^-^^ M ^ to ^ 
acoatbglayexof0.4micron thickness. The resist coating layer U exposed through a 
photomask to EUV radiation having a wavelengm of about IS nm. Thaexposed 
coating Uyeraarepoat-expoaur. baked atn<TC- The coau^ 
with 0*SN aqueous tctrabutyUmrnonhun hydroxid e solution to develop the imaged 
resist layer and provide a relief image. 

Bxample 4. N 
AphotoreaistofthemvcntfonUprepar^ 

a terpolyrr^ that consists of 72 mo^^ 

mol e percent S tyreoe units, and 20 mole percent t^utyUcryUtc units; 
Benmtorofdi^rylpbenyDioaonlumoTtho^rifl^ 

^tn^l^mumhydroxide lactate salt Thophotoaeid generator w«present.n 
an an^ of 8 weight percent based on total weight of the terpolymer, photoacM 
aerator and tetrabutylanunonium hydroxide lactate salt. The resist xs formulated at 
5 weight percent solids. 

The formulated resist composition is spin coated onto HMDS vapor P r ' IB ^ 
siHcon waters and soffoaked via a va^ hofolato at 9« for 60 second, to pmv^ 
aeorfngUye, of 0, nticton thickness. The resist coating layer is^^a 
pho^ to e-beam radiation The closed coating layers am 
at U0°C. The coated wafer, are then treated with 036N aqueous tetrahutyisrnmonium 
hydroxide solution to develop *. imaged resist layer and provide a relief unage. 
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The foregoing description of the Invention* moery illustrative thcrco* audit 
is unde^tood that variations and n^ficatfonsc^ be efl^ without dep^n^ 
ttespiruoracopeofthefovennonaasetformmthefoUowu^clamts. 
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1 Abstract ■ * ... 

v „„ bitV electron beam, ion beam and x-ray radianon. ***** 

of to taction can exbibil enhanced suavity and resoiuuo up* . 

' " i of the invention can oe 



enerEVimapng. In a first aspect, preierreu 

amplified positive-acting photoresists art provutec uuu. 
generation efficiency upon high energy e*po*«res. 



2 Representative Drawing 
Nothing 



